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Abstract. The article describes a concept of a non-invasive method for diagnosing the size of the 
valve clearance of combustion engines based on an analysis of engine surface vibration signal 
using artificial neural networks. The applicability of the method was tested on a single-cylinder 
compression-ignition engine with a low power rating, which had an OHV timing gear acting 
indirectly on the valves and manual adjustment of valve clearance. The method uses as diagnostic 
signals the readings of vibration sensors, recording the acceleration of engine head movement as 
a function of the angle of rotation of its crankshaft, with pre-set values of valve lash measured in 
a cold condition. From among the recorded signals, components corresponding to the impact of 
rocker arms on valve stems were identified, and then these components were subjected to low-pass 
filtering in order to eliminate measurement interference. Using artificial neural networks, a 
classifier of selected measures of the processed signals was constructed, which recognizes signals 
generated by engines with correct valve clearance as well as those with too much and too little 
valve clearance. 
Keywords: fault diagnosis, engine vibrations, valve clearance, artificial neural networks. 
1. Introduction 
Most timing gear mechanisms of internal combustion engines are equipped poppet valve cam 
drives. The popularity of this solution is not so much due to its advantages but rather results from 
a lack of effective alternatives. In engines which do not reach speeds exceeding 5,500 rev/min, 
timing gear mechanisms acting indirectly on the valves are commonly used. An indirect valve 
drive consists of a cam shaft, shaft bearings in the motor housing, a follower, a push rod, a rocker 
arm, a poppet valve with a spring, and rocker arm bearings. Due to their mass, the parts of the 
mechanism which are in motion during engine operation cause high loads to kinematic joints with 
forces of inertia. On the other hand, the indirect drive has a relatively low stiffness, which is largely 
dependent on the length of the push rod. The timing gear mechanism, therefore, possesses its own 
dynamic characteristics, which manifest themselves during engine operation. These characteristics 
are also influenced by the so-called valve clearance (valve lash). 
Valve lash is the total clearance in the timing gear. In indirect drive mechanisms, the numerical 
value of the clearance is measured between the valve stem and the sliding surface of its mating 
rocker arm. The need for valve clearance is due to the changing linear dimensions of timing gear 
mechanisms caused by their thermal expansion. Clearance values depend on engine type, the mode 
of its cooling, timing gear design, and numerous other factors. Ideal valve clearance is usually 
determined experimentally. Valve clearance measurements do not give reliable results because of 
the difficulty involving the prediction of actual temperature distributions in different parts of a 
running engine. The general rule is that valve clearance should be as small as possible, but still 
large enough for the valves to close tightly during engine operation. Excessive valve clearance 
can be the cause of: reduced engine power (caused by the deteriorated filling of cylinder space 
due to the dislocation of the beginnings and ends of valve opening and closing, and as a result of 
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a reduction in actual valve stroke), the occurrence of additional impact forces of inertia, causing 
rapid wear of the mating surfaces (especially valve faces and valve seats), consequently leading 
to an uncontrolled increase in clearance values, increasingly noisy operation of the timing gear, 
and valve bounce during closing of the valves. Diagnostics of valve clearances of timing gear 
mechanisms in internal combustion engines is, therefore, important from a practical point of view 
and can be carried out by the vibroacoustic method. When testing engines by vibroacoustic 
methods, it is important to adequately interpret complex measurement signals through the use of 
increasingly sophisticated methods of their processing [1-4]. Information about faults in the timing 
gear mechanism can be obtained through signals of engine head vibration [5]. These signals 
contain information about the operation of valves, their excessive clearance, burning of valve  
seats, or fractured valve springs. The possibility of diagnosing the operation of a timing gear using 
vibrational signals recorded on the head has been noticed and investigated by many scientists, 
because vibration signals are relatively simple and convenient to measure [6]. 
2. The concept of a non-invasive method for assessing valve clearance 
The primary forces affecting the internal combustion engine during operation are gas forces, 
the character of which results from the cyclic occurrence of combustion processes. Since the 
engine block provides support for all mechanisms making up the engine, it is subjected to dynamic 
interactions in all kinematic pairs. The vibrations of the block are a response to the total forces 
acting in the places of its contact with moving parts of the engine (Fig. 1). In the case of a 
prolonged period of operation of a single-cylinder four-stroke engine with a fixed load, the 
vibration signal of its block shows a periodicity corresponding to the periodicity of the occurrence 
of ignitions. 
 
Fig. 1. Example of the acceleration of the vibration of RUGGERINI RY125 engine head as a function of 
the crank angle between two successive ignitions when idling (registered by the authors at the test stand) 
In particular, some components of the block vibrations are caused by the elements of the timing 
gear mechanism, whose vibrations depend on the size of valve clearance. To use the vibration of 
the block to assess valve clearance, components of the vibrations coming from other engine parts 
need to be separated. In this case, the application of filtering in a given frequency band does not 
solve the problem due to the fact that the same frequency of vibrations of the block can be forced 
by various engine components. One of the possible solutions, which also forms the basis of the 
diagnostic method proposed in the present article, is temporal selection. It requires information on 
the exact moments of opening and closing the valves. This information is obtainable, since those 
moments are determined by the shape and arrangement of the cams of the camshaft, while the 
angular position of the camshaft depends on the position of the engine crankshaft (variable valve 
timing is not considered here). The application of a sensor of the angular position of the crankshaft 
allows the separation of the moment of opening and closing of the valves from the vibration signal. 
The non-invasive diagnostic method of engine valve clearance assessment proposed by the 
present authors is based on the aforementioned premises. The procedure involves four stages, 
schematically depicted in Fig. 2. In the first stage, signals of engine block vibrations are registered. 
The second stage consists in separating from this signal those vibrations which have been caused 
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by opening of the valves (the rocker arm striking the valve stem) and filtering of the processed 
signal to eliminate inference. In the third stage, a special algorithm is used to select optimum 
signal measures from among typical measures used in technical diagnosis. The fourth stage 
involves classification of the signals using a multilayer perceptron (MLP) artificial neural  
network. The task of the MLP network is to assign the engine valve clearance, on the basis of the 
signal supplied, to one of three classes: too little clearance, correct clearance, or too much 
clearance. 
 
Fig. 2. Stages of the proposed diagnostic method of assessment of the size of combustion  
engine valve clearance 
3. Experimental 
In recent years, there has been continuous development of diagnostic inference algorithms and 
signal processing methods [7-14]. Various techniques have been used to increase the ratio of signal 
to noise, such as noise reduction using the wavelet transform [15, 16]. The methods of artificial 
intelligence, mainly neural networks [5, 17], or less known methods such as recurrence plots  
[18, 19] are often used as inference algorithms. 
The valve-clearance diagnosis method proposed by the present authors is a comparative 
method. Its main limitation is the need for the development of a database of experimental results 
before the actual experiments are carried out in order to select the best neural classifiers. The 
selection of such classifiers is preceded by training and testing procedures aimed at teaching a 
network to recognize specific characteristics and to empirically estimate the accuracy of 
recognition. These procedures require the preparation of three data sets: a training set, a test set 
and a validation set. The accuracy of a classification, and hence the performance of a given neural 
network is determined by the ratio of the number of accurately recognized cases to the total 
number of cases. To use a neural network to evaluate the size of a valve clearance, first, engine 
vibration signals with a pre-programmed (known) valve clearance must be registered and the 
neural classifier must be taught to recognize the size of this clearance. The classifier can then be 
asked to evaluate vibration signals recorded in the same engine in the future, but in conditions 
analogous to those for training signals.  
To verify the applicability of the proposed approach to diagnosing the valve clearance of 
combustion engines, an experiment was conducted on a test bench in the Institute of Transport, 
Internal Combustion Engines and Ecology, of the Lublin University of Technology. The bench is 
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equipped with a RUGGERINI RY125 four-stroke diesel engine and an apparatus for recording 
the vertical and lateral components of acceleration of engine head vibration, the crankshaft 
position angle, and engine cylinder temperature and ambient temperature. A schematic diagram 
of the test bench is shown in Fig. 3. 
 
Fig. 3. A schematic diagram of the test bench for recording vibrations of the head of a RUGGERINI 
RY125 engine (DAQPad – measurement card, ??, ?? – components of acceleration of engine head 
vibrations, ?? – temperature of the cylinder, ? – ambient temperature, ? – position of the crankshaft) 
The RUGGERINI RY125 engine is a single-cylinder unit with a displacement of 505 cm3 
(85 mm stroke, 87 mm bore), air-cooled, capable of developing a rated power of 8.8 kW at 
3600 rpm and a maximum torque of 31 Nm at 2000 rpm. It has an OHV timing gear mechanism 
with an indirect valve drive (one intake valve and one exhaust valve) and manual adjustment of 
valve clearance. The rocker arms are double-sided and equipped with adjusting screws. The 
assembly valve clearances recommended by the manufacturer are the same for both valves and 
are 0.20 mm for a cold condition and 0.15 mm for a hot condition.  
On the test bench, information about the position of the engine's crankshaft is read from the 
Kübler 8.5820.1312.3600 incremental encoder. Vibrations of the cylinder head are measured 
using ICP 338B34 piezoelectric accelerometers (adhesive-mounted on the head) and 482A16 
amplifier from PCB PiezotronicINC. The temperature of the cylinder and ambient temperature are 
measured using TP-371 and TP-372 sensors with a single processing unit (a Pt100 platinum 
resistor). All measurement signals are recorded using a DAQPad-607 measurement card (16  
inputs, 1.25 MS/s, 12 bit, multifunction ± 5 V) from national instruments. 
To collect the data necessary for the preparation of the neural classifier, head vibration signals 
were registered at four preset valve clearances: 0.10, 0.20, 0.30 and 0.40 mm in a cold condition, 
for four cylinder temperatures: 28, 35, 40 and 45°C. Signal was recorded under no-load idle 
conditions at a rotational speed of 980 rpm, with the crankshaft making 200 complete revolutions. 
4. Results 
In the present experiment, multilayer perceptron (MLP) networks were studied as neural 
classifiers of valve clearance. Firstly, vibrations caused by rocker arms striking the valve stems 
were separated from the recorded signals, and the signals processed in this way were filtered. A 
low-pass filter was used to remove high-frequency components, which were mostly interference 
noise. Because different valve clearance values can cause changes in the amplitude of the vibration 
signal and its distribution, suitable signal measures should be found so that those that carry little 
information about the change of state are eliminated. Of the twelve measures considered, seven 
with the highest significance level were selected for further processing using a selection algorithm; 
they included arithmetic mean of the absolute values of the signal, effective value, signal strength, 
peak value, inter-peak value, empirical variance and standard deviation of the sample (Fig. 4). 
The usefulness of MLP networks for classification of valve clearance was verified using the 
STATISTICA® Neural Networks module. In the case of sensor 1, when the procedure shown in 
Fig. 2 was followed, a 90 % classification accuracy was achieved for the test data and 
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approximately 95 % for the validation data. Better results were achieved for sensor 2, for which 
almost all of the cases were classified correctly (100 % and 99.25 %). Much worse results were 
obtained by processing data without temporal selection and filtration. For both sensors, the 
classification accuracy was slightly over 80 %. 
a) 
 
b) 
Fig. 4. Comparison of significance levels for signal measures for  
a) vibration sensor 1 and b) vibration sensor 2 
5. Conclusions 
In the light of the results obtained in the study, the proposed method for evaluating the size of 
valve clearance is worthy of attention, though undoubtedly many details still need to be worked 
out. Further experimental studies on a larger scale are needed which would include theoretical 
modelling of the physical processes taking place in the timing gear of an internal combustion 
engine. Also, other signal measures, filtration methods and methods for recording measurement 
signals should be considered [20-23], as well as a change of the vibration measurement method 
(for example, using a laser vibrometer or a recorder of acoustic frequencies). 
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